We discuss pair production of stops, sbottoms, staus and tau-sneutrinos at a µ + µ − collider. We present the formulae for the production cross sections and perform a detailed numerical analysis within the Minimal Supersymmetric Standard Model. In particular, we consider sfermion production near √ s = m H 0 and √ s = m A 0 .
I. INTRODUCTION
The search for Supersymmetry (SUSY) [1, 2] is one of the main issues in the experimental programs at LEP2 and TEVATRON. It will play an even more important rôle at the future colliders LHC, e + e − linear colliders with an energy range up to 2 TeV, and µ + µ − colliders with an energy range up to 4 TeV. TEVATRON and LHC are well-designed to discover * Present address: Instituto de Física Corpuscular -IFIC/CISC, Departament de Física Teórica, E-46100 Burjassot, Válencia, Spain a precise determination of the underlying SUSY parameters lepton colliders will be necessary.
Owing to their good energy resolution µ + µ − colliders are well suited for this purpose [4, 5] .
The most exciting feature is the possibility of producing Higgs bosons in the s-channel [4] [5] [6] .
In this paper we study the production of third generation sfermions in µ + µ − annihilation, paying particular attention to the energy range near the Higgs boson resonances. Our framework is the Minimal Supersymmetric Standard Model (MSSM) [2, 7] . The MSSM implies the existence of five physical Higgs bosons: two scalars h 0 , H 0 , one pseudoscalar A 0 , and two charged ones H ± [7, 8] . Every Standard Model (SM) fermion has two supersymmetric partners, one for each chirality state denoted byf L andf R .
The sfermions of the third generation are particularly interesting [9] [10] [11] because their phenomenology is different compared to that of the sfermions of the first and second generation. The reasons for this are the mixing betweenf L andf R and the large Yukawa couplings.
In particular, the top quark and the stops give substantial contributions to Higgs boson masses due to radiative corrections (see e.g. [12, 13] ). Moreover, the top and stop contributions to the renormalization group equations play an essential rôle in inducing electroweak symmetry breaking, when the Higgs parameters evolve from the GUT scale to the electroweak scale [14] . Therefore, the couplings of the stops to the neutral Higgs bosons are of special interest. Also the tau and bottom Yukawa couplings can be large if tan β is large, giving rise to similar effects in the phenomenology of sbottoms and staus.
The paper is organized in the following way: In Sec. II we present the underlying parameters and give the formulae for the production cross sections. In Sec. III we discuss numerical results for sfermion pair production. In Sec. IV we summarize the main results.
In the Appendix we give the Higgs sfermion couplings.
where N C is a colour factor which is 3 for squarks and 1 for sleptons.
T VV denotes the contribution from γ and Z 0 exchange, T a,b
VH the interference terms between gauge and Higgs bosons, and T HH the contribution stemming from the exchange of Higgs bosons. The pure gauge boson contribution, the first term of Eqs. (8) and (9), is the same as for e + e − →f ifj [15] . Notice that the gauge boson term shows a sin 2 ϑ dependence whereas the terms proportional to T HH and T a VH are independent of ϑ. The term proportional to T b VH shows a cos ϑ dependence giving rise to a forward-backward asymmetry. However,
VH is proportional to m µ (see the following equations) and, therefore, is rather small.
2) i = j
where h µ is the Yukawa coupling of the muon, 
where I Note that the Higgs boson contribution is much larger than the gauge boson contribution.
We have found that the forward-backward asymmetry A F B is ∼ 10 −4 at its maximum.
Therefore, a rather high luminosity would be needed to measure it.
In Fig. 3 The cos θt dependence of m H 0 is also the reason for σ(
In Fig. 3c we show σ(µ + µ − →t 1t2 ), the Higgs boson contribution and the gauge boson contribution as a function of cos θt. An interesting feature here is that for cos θt = 0 only the Higgs bosons contribute. Moreover, the contribution of the Higgs bosons H 0 and A 0 is generally larger than that of the gauge boson. The total cross section again depends on the sign of cos θt. In Fig. 3d we show the total cross section for various values of √ s. The shift of the peak is due the dependence of m H 0 and cos α on A t which is calculated from cos θt.
Note that the coupling H This has two implications: First, one gets a cross section that is large enough to be measured even with an integrated luminosity of 10 fb −1 . Second, the b 1b2 cross section is even larger than theb 1b1 production cross section. Note that we only show the cross section for b 1b2 whereas in the experiment one can measure the cross section ofb 1b2 +b 1b2 .
In Fig. 5 we show the cross sections for sbottom production as a function of cos θb for , cos θb, and A b we get MQ, MD, and µ. We then take MQ, mt 1 , and mt 2 to calculate MŨ , cos θt, and A t . There are similarities to the stop case: Forb 1b1 production the Higgs boson contribution can be larger than the gauge boson part (Fig. 5a ). In the case ofb 1b2 production, the contribution of the Higgs bosons is much larger than that of the gauge boson (Fig. 5c ). The main difference compared to the stop case is that the asymmetry in the sign of cos θb is much more pronounced in theb 1b2 channel than in theb 1b1 channel as a consequence of the corresponding couplings ( Fig. 5b and d). The peak at cos θb ≃ 0.71 in Fig. 5d results not only from the couplings but also from the fact that the total decay width of A 0 has a minimum there.
In Fig. 6 In Fig. 7 the cross sections for stau production are presented as a function of cos θτ for mτ 1 = 90 GeV, mτ 2 = 127 GeV, A τ = 300 GeV. tan β, m A 0 , and the squark parameters are taken as above. We have calculated ML, MẼ and µ from mτ 1,2 and cos θτ . With these and the other parameters we have calculated mν τ , m H 0 , cos α, Γ H 0 , and Γ A 0 . Note that the masses, mixing angle, and decay widths of the Higgs bosons depend indirectly on cos θτ due to the induced change in µ. This fact leads to the observed shifts of the maximal cross section with √ s in Fig. 7b and d . Inτ 1τ2 production the Higgs boson contribution is much larger than the gauge boson contribution (Fig.7c ) similar to the squark production. This is particularly important, because in this case the production cross section is most likely too small to be seen at an e + e − collider [10, 11] . The cross sections depend strongly on the sign of cos θτ in both channels ( Fig. 7a and c) . Note also that, for the parameters chosen in the Higgs couplings to the staus, the gauge couplings are of the same size as the Yukawa
couplings (Eqs.(A10)-(A12)):
In Fig. 8 we show the total cross sections for sneutrino production as a function of √ s for the same parameters as in Fig. 6 (implying mν τ = 83.6 GeV). The large peak at √ s = m H 0 is due to the small total decay width of H 0 (Γ H 0 ≃ 0.8 GeV) and due to the coupling H 0ν τντ which is a gauge coupling (see Eq. (A9) ) stemming from a D-term.
IV. SUMMARY
We have studied sfermion pair production in µ + µ − annihilation focusing on the impact of the Higgs boson resonances in these processes. We have seen that the production cross sections can be considerably enhanced at these resonances for all sfermions of the third generation. The most important results are: First, the production cross sections depend on the sign of cos θf . Second, the Higgs boson contributions dominate the production cross section off 1f 2 . We have seen that the cross sections can be large enough to be studied at a µ + µ − collider even if the corresponding cross sections are too small to be measured at an e + e − collider. Third, the Higgs boson contribution can even be larger than the gauge boson contributions in thef 1f1 channel. From these facts we conclude that a µ + µ − collider is an excellent machine for obtaining important information on the H 0f ifj and A 0f 1f2 couplings. 
